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ENGINEWITHANNULAR-PILOTEDCOMBUSTOR

By JamesG.Henzel,Jr.,andArthurM.Trout

SUMMARY

OL44005 .—

As partof a generalresearchprogramon ram-jetcombustorsjan in-
vestigationoftheperformanceofa 20-inch-diameterram-jetenginehaving
anannular-pilotedcombustorwasconductedat zeroangleof attackina
facilityutilizingboththefree-jetanddirect-connecttechniques.A
comparisonwasalsomadewithothercouibustorsrecentlyinvestigated.
Datawereobtainedat a simulatedflightMachnwiberof3.0overa range
of combustor-exittotalpressuresfromabout570to 2400poundspersquare
footabsolute.

A dualfuel-injectionsystemprovidedhighcouibustorefficiencies,
generallyabove0.80,overa rangeoffuel-airratiosfrom0.015to 0.08.
Combustorefficiencydecreasedwithpressurefrom0.97at 2370pounds
persquarefootabsoluteto 0.76at570poundspersquarefootabsolute.
At 1/3atmosphere,a combustorefficiencyof 0.82wasobtained.Decreas-
ingcombustorlengthfrom87to 57 inchesdecreasedcombustorefficiency
from9 to 12percentagepoints.

Thecomparisonoftheannular-gilotedcombustorwithtwoothercom-
hustorsofdifferentdesignshowedthatallthreecouibustorshada%outthe
samespecificfuelconsumptionoverthewholefuel-air-ratiorange.The
specificfuelconsumptionoftheanuular-pilotedcom%ustorwasslightly
higherthanthebestconfigurationatfuel-airratiosfrom0.015to 0.050
andslightlylowerthantheotherconfigurationsatfuel-airratios
greaterthan0.050.

IM?RODUCTIOI?

& partofa researchprogrambeingconducteaattheNACALewislabo-
● ratoryto determinedesigncriteriaforram-Jetcombpstorssuitablefor

long-rangemissiles,theperformanceofanannular-pilotedcouibustorhas
beenevaluated.Theannular-pilotedcombustorisoneoffiveconibustors

* thathavebeenstudiedin
Thefourothercombustors

the-20-inch-diameterram-setengineprogram.
investigatedincludedan annular-gutterflame
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holderwitha low-heat-releasecentralpilot;anannular-gutteranda .

sloping-gutterflameholderwitha high-heat-releasecentralpilot,and v—

a can-typeflameholderwitha low-heat-releasecentralpilot.Results
—

oftheinvestigationsofthesecouibustorsarereportedinreferences1 .to
3,respectively. —

Reference4 showsthatanannulsr-pilotedcombustorgavecombustion
efficienciesandcombustortotal-pressureratiosinexcessof0.90at low
fuel-airratiosina 48-inch-diameterram-jetengine.A similarcotiustor

—

wasaccordinglybuiltandinvestigatedinthe20-inch-diameterram-jet k
enginetoprovideperformanceanddesigndatatirectlycomparableto the z
fourcouiiustorspreviouslysu%jectedto exterisivedevelopmentinthe20-

m

inchram-jetprogram. —

Theconimstorefficiency,combustor-inletMachnumber,andcombustor
total-pressureratiooftheannular-pilotedcombustorarepresentedherein.
Theeffectofcombustor-exittotalpressure“oncouibustorefficiency,the ‘– “--
effectofdecreasingcombustorlengthon combustorefficiency,anda com-
parisonof configurationsonthebasisof specificfuelconsumptionare
alsopresented.

. .-.-.— .=
a

APPARATUS .

Engine

A schematicsketchofthe20-inch-diameterram-jetengineis shown
infigure1. Thesupersonicdiffuserisofthedouble-coneannulartype
utilizingtwoo’bliqueshocksandonenormalshock.Thesubsonicdif-
fuserwasdividedintothreechannelsby theinnerbodysupports.The
combustionchamber,87 inchesin lengthformostoftheinvestigation,-yas
water-jacketedandhadan insidediameterof 20inches.Forpartofthe
investigation,thecouibustorlengthwasshortenedto 57 inches.The
enginewasequippedwitha contouredwater-jacketedconvergentexhaust
nozzlehavinga throatareaequalto55percentofthecombustion-chamber
area. Thefuelusedintheengine
quentlydiscussed,wasW-F-5624A

Combustor

andthepreheater,whichis subse-
gradeJT-4.

Configuration

Flameholder.- Thedesignoftheannular-pilotedcombustor(fig.2)
wasbasedontheresulthofreferences4 and5. In crosssection,the
shapeoftheannulsr-pilotedcombustorwasthatofan asymmetricV. The
outersurface,perforatedby threerowsofl/2-inch-diameterholes,was
extendeddownstreamto actasa flowdividerandtoprovidea protected

●

combustionzone.Theinnersurfaceoftheannular-pilotedcombustorwas
d

&L-
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●
cutlongitudinallyin18places,andthecutswerespreadatthedown-
streamendby formingthemetalintoV-shapes;theresultingopenings
providedadditionalairentryforpilotcombustionandpermitteda ~adual
mixingofthemain-streamfuel-airmixturewiththepilotcombustionpro-
ducts. An annular-gutter,witha meandiameterof 7& inches,wasattachet
tothetrailingedgeoftheinnersuxfaceoftheann~$arpilot.A fuel-
mixingcontrolsleeve15.1inchesindiameterwasattachedto theleading
edgeoftheasymmetricV toprovidetwoseparatezonesoffuelinjection
andmixingin ordertomaintainlocallya favorablefuel-airmixturefor
combustionat lowover-allfuel-airratios.

Fuelsystem.- Thefuelfortheannular-pilotedcombustorwasin-
jectedinthreelocations,inthepilot,intheihnerzone,andinthe
outerzone.Thepilotfuelsystemwaslocatedatthebaseoftheasym-
metricV (fig.2(a))andcontainedfiveequallyspacedspraybars. Each
barhadtwo0.040-inch-diameterholes-sprayingdownstreamat anangleof
45°tothecombustorcenterline.Theinner-andouter-zonefuelsystems
(fig.2(a))werelocated12.1and7.7inchesupstreamoftheannularpilot
andcontained15equallyspacedspraybarshavingtwo.0.062-inch-diameter
holesperbar,sprayingperpendiculartotheengineairflow.

Allfuelspraybarshadan -ernal meteringorificetoprevent
& pluggingofthebars(fig.2(a)).Themeteringorificeswere0.021~

0.032,and0.040inchindiameterforthepilot,inner-zone,andouter-
zone fuelspraybars,respectively,andwererelativelyeasyto service.

TestFacility

Thetestfacility,w%ichwasoperatedbothby thefree-$etanddirect-
connecttechniques,is shownschematicallyinfigure3. Theair,which
enteredthefacilitythrougha conh.stion-typeprehe&ter,wasvitiated
to a fuel-airratioof0.009or less.Forfree-jetoperation,theair
passedintoa surgetankandwasexpandedthrougha convergent-divergent
nozzleto a Machnumberof 3.0. Theengineinletwassubmergedinthe
Machnumber3.0jetat zeroangleofattackandtheexcessairspilled
aroundtheinletthroughthejetdiffuser.Theengineeihaustpassed
intoa separatechauiberwhichcouldbe throttledforengine.starts.A
moredetaileddescriptionofthefree-jetfacilityanditsoperationis
giveninreference6.

Themethodusedto convertthefacilityto a direct-connecttypeis
illustratedschematicallyinthe.a~ili~ viewoffigure3. Blank-off
platescoveredthejetdiffusersothattheairwasductedsubsonically

a to theannulusformedby thee~ine COWI lipandtheenginediffuser.
Thedirect-connectfacilitywasthesameastkt usedinreference3.

.
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Instrumentation —
*

Thelocationsof-temperatureandpressureinstrumentationatthe
variousstationsWe showninfigures1 and3. Wallstaticpressurewas
measuredneartheenginesubsonic-diffuserexit(fig.1, station2). A
water-cooledrake(fig.1, station4) justupstreamoftheengineexhaust-
nozzleinletprovideda total-pressuresurveyforuse Inair-flowand
combustor-efficiencycalculations.Enginefuelflowwasmeasuredly
calibratedrotameters.Theinlettotalpressureandtemperaturewere 1=
measuredinthesurgetankupstreamofthesupersonicnozzle(fig.3,

Fm
stationO) andwereusedto establishsimulatedengineflightconditions.

M

Combustioncouldbe viewedlookingupstreamthroughtheengineexhaust
nozzle bymeansofa periscope.

.-

PROCEDURE

SimulatedFlightConditions

Thetotaltemperatureoftheairenteringthesurgetankwasraised
to 1100°R bymeansofthecombustion-typepreheaterto simulatethe

.—t
standardtotaltemperatureforflightatMachnuniber3.0abovethetropo-
pause.Forfree-jetoperation,thetotalpressureinthesurgetankwas
variedtoprovidea rangeofairflowsfrom10.11to 3.42poundsper

.

secondpersquarefootofcombustion-chambercross-sectionalarea(herein-
afterreferredto asunitairflow).Thisrangeofunitairflowscor-
respondsto simulatedaltitudesfrom61,800to 84,400feet,respectively.
Theengine,becauseof itsinletandexitgeometry,operatedsupercriti-
callyforallfuel-airratios.Combus~ion-chamberpressuresarethere-
foreconsiderablylowerforthesimulatedaltitudesofthisinvestigation -
thanareobtainablewithcriticaloperationoftheinlet.Theperform-
anceisthereforepresentedbothintermsofunitairflowandinterms
ofcorrespondingsimulatedaltitudes.Thedirect-connectdatawereob- .-
tainedat a unitairflow”of6.88.

MethodofEngineOperation

Withairflow.andinlettemperatureset,theexhaust-throttling
valve(fig:3)waspartlyclosedtoraisethepressurelevelandreduce
thevelocitiesinthecombustorsufficientlyto ignitethepilotburner
bymeansofa sparkplug.Fuelflowtotheinnerzonewasinitiated,

—

anda fuel-airratioofabout0.02established.Theexhaust-throttling
valvew,asopenedandtheengineexhaustnozzlechoked.Thepilot-burner
fuelflowwasheldconstantat a fuel-airratioof0.005orlessas the
inner-zonefuelflotiwasvariedto obtaintheperformanceat thelowfuel- ●

airratios(inner-zoneoperation).Theinner-zoneandpilotburnerfuel
.

co
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value(mximumcombustorefficiency)asfuel
● variedto obtaintheperformanceatthehigh

5

flowtotheouterzonewas
fuel-airratios(outer-zone

operation).

Calculations

Theeuinefuel-airratiowascalculatedastheratioof enginefuel
flowto theunburnedairflowenteringtheengine.Thecombustoreffi-
ciencywastskenastheratioof idealto actualfuel-airratio,where
theidealfuel-airratiowasthatnecessaryto obtain,withan idealcom-
bustionprocess,thetotalpressuremeasuredattheexitoftheengine
combustionchamberfortheairflowunderconsideration.Thespecific
fuelconsumptionwascalculatedastheratiooftheenginefuelflowin
poundsperhourto thenetthrustinpounds.

Thesyuibols=e listedinappendixA. Themethodsusedto calculate
engineairflow,enginefuel-airratio,couibustorefficiency,comhustor-
inletMachnumber,andspecificfuelconsumptionareoutlinedin

d appendixB.

. RESULTSANDDISCUSSION

PerformanceCharacteristics

Combustorefficiency.- Free-jetperformancedataobtainedwiththe
annular-pilotedcouibustorarepresentedinfigure4,whereincombustor
efficiency,combustor-inletMachnumber,andcombustor-exittotalpres-
sureareplottedagainstenginefuel-airratio.Thedatasrepreserited
forunitairflowsof 10.11,6.88,5.48,4.11,and3.42(poundsper
secondpersquarefootof combustion-chambercross-sectionalarea).In
figure4(a),it canbe seenthat,ingeneral,fora givenunitairflow,
thecombustorefficiencywithinner-zoneoperationincreasedrapidlyas
fuel-airratioincreased,reacheda maximum,andthendiminishedgrad-
ually.As‘unitairflowdecreasedfrom10.11to 3.42,themaximumcom-
bustorefficiencydecreasedfrom0.86to 0.76andsimultaneouslyshifted
to somewhatricherfuel-airratios.Theshiftinmaximumcombustoref-
ficiencyto richerfuel-airratioswasa resultofthedeteriorationof
thelean-stabilitylimitwithdecreasingunitairflow.

Similarto inner-zoneoperation,thecombustorefficiencywithouter-
zoneoperationincreasedrapidlyas fuel-airratioincreased,reacheda
maximum,andthendiminishedgradually.Maximumcombustorefficiency

h decreasedfrom0.97to 0.81asunitairflowdecreasedfrom10.11to 3.42.
Thedualfuel-injectionsystemprovidedgoodcombustorefficienciesover
a widerangeof

. 0.015to 0.08.
fuel-airratios,generally0.80forfuel-airratiosfrom
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A simultaneousvariationincombustor-inletMachnumberwithcom-
bustorefficiencyoccurredasthefuel-airratiovaried.Fromfigure
4(b),itcanbe seenthatcombustor-inletMachnumberdecreasedfrom
0.23ata fuel-airratioof0.015to0.15ata fuel-airratioof 0.08
andwasindependeritof unitairflow.

At a-givenfuel-airratio,variationin combustorefficiencywith
unitairflowwasduelargelyto thevariationin couibustor-exittotal
pressure(fig.4(c)).At leanfuel-airratios(inner-zoneoperation),
couibustor.exittotalpressurevariedfromabout1860to 570poundsper
squarefootabsolute.At richfuel-airratios(outer-zoneoperation),
combustor-exittotalpressurevariedfromshout2400to 750poundsper
squarefootabsolute.

Theeffectof combustor-exittotalpressureonmaximumcombustor
efficiencyis showninfigure5,forbothinner-andouter-zoneoperation.
Decreasingcouibustor-exittotalpressurefrom1570to 900poundsper
squarefootabsolutedecreasedthemaximumcouibustorefficiencywith
inner-zoneoperationfromabout0.86to about0.85. As combustor-exi.t
totalpressuredecreasedfurtherto 560poundspersquarefootabsolute,
however,themaximumcombustorefficiencydroppedrapidlytd 0.76. The
maximumcombustorefficiencywithouter-zoneoperationdecreasedfrom
0.97to 0.81as combustor-exittotalpressuredecreasedfrom2370to 780
poundspersquarefootabsolute.At 1/3atmosphere,a combustoreffi-
ciencyof0.82wasobtained. ..

Combustortotal-pressureratio.- Thevariationincombustortotal-
pressureratiowithfuel-airratioispresentedin figure6 forunitair
flowsof 10.11,6.88,5.48,4.11,and3.42. It can.beseenthatthe
combustortotal-pressureratioisessentiallyindependentof fuel-air
ratioandunitairflow.Theaveragecombustortotal-pressureratio
wasabout0.95. Reference1 indicatedthata V-gutterflameholderwith
a projectedblockageof55percenthada combustortotal-pressureratio””
of0.87at a fuel-airratioof0.02. Althoughtheannular-pilotedcom-
bustorhada projectedblockageof48percent,nearlyasmuchas forthe
typicalV-gutterflameholder,theannular-piloted-combustortotal-
pressureratiowasconsiderablyhigher(0.95,comparedwith0.87ata
fuel-airratioof0.02).Thesuperiorityoftheannular-pilotedcom-
bustoroverthatoftheV-gutterflameholderofa%outthesamepro~ected
blockageisattributableto thefactthattheannular-pilotedflame
holdergeometryisdistributedaxiallyratherthanina singleplane.

EffectofLengthonCombustorEfficiency

Theeffectof shorteningtheannular-pilotedcomhstorconfiguration
from87to 57 inchesis showninfigure7.”dombustorefficiencyis

0

?

g’~,

h

.“

—

., --

.—

A

—

.
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plottedagainstenginefuel-airratiofora unitairflowof 6.88.The
a dataforbothlengthswereobtainedby thedirect-connecttechnique.The

maximumcombustorefficiencywithinner-zoneoperationwas0.85forthe
87-inchcombustoranddecreasedapproximately9 percentagepointsto
0.76forthe57-inchcombustor.Thisdecreaseinmaximumcombustoref-
ficiencywithinner-zoneoperationisaboutthesameasthatforthe
V-gutterflameholderof reference1 andslightlylessthanthatfor
thecan-typeflameholderofreference3. A pronouncedshiftinthe
maximumcombustorefficiencywithouter-zoneoperationto a higherfuel-
airratiooccurredas couibustorlengthwasshortened.Althougha similar
effectwasobservedwiththecan-typeflameholder(ref.3),thereasons
forthiseffectarenotclearlyunderstood.Themaximumcombustoref-
ficiencywithouter-zoneoperationwas0.90forthe87-inchcombustor
anddecreasedapproximately12percentagepointsto 0.78forthe57-
inchcombustor.Thustheannular-pilotedcouibustorconfigurationex-
hibitedaboutthesamesensitivityto lengthas didtheV-gutterand
can-typeflameholdersofreferences1 and3.

It’isinterestingto noteby comparingfigure7 withfigure4(a)
thatessentiallythesamecombustorefficiencieswereobtainedby theY free-jetanddirect-connecttestingtechniquesforthe87-inchcombustor.
UnpublishedNACAdataobtainedinthisfacility(zeroangleof attackand

r symmetricalengineinlet)haveshownsimilaragreementforfree-jetand
direct-connecttestingtechniques.

ComparisonofConfigurationsonBasisof SpecificFuelConsumption

Becausetherangeof a ram-jet-poweredaircraftis influencedby
boththecombustorefficiencyandthecombustortotal-pressureratio,
theperformanceof theannular-pilotedcombustor,thecan-typeflame
holder,andtheV-gutterflameholderarecomparedinfigure8 onthe
basisof specificfuelconsumption.Specificfuelconsumptionisplotted
againstnetthrustperpoundofairflowfora unitairflowof 6.88.
An over-alldiffusertotal-pressurerecoveryof0.6wasassumedforthe
calculation.In addition,a curveindicatingtheidealcombustorper-
‘formance(basedon a combustorefficiencyof 1.0andtheappropriate
pressurelossofheataddition)isalsopresentedforco~arison~For
leanoperation(fuel-airratiosles~than0.03),thecombustorshad
aboutthesameperformance.Thecan-typeflameholderappearedbest
betweenfuel-airratios0.03and0.045.Forrichoperation(fuel-
airratiosgreaterthan0.05),the
slightsuperiority.

. SUMMARY

annular-pilotedconibustorhada

OFRESULTS

An investigationoftheperformanceofa 20-inch-diameterram-jet.
enginehavinganannular-pilotedcombustorwasconductedat zeroangleof



8 k~ NACARM E54G12

attackina facilitysibilatingflightatMachnumber3.0. Datawere
obtained.witha dualfuel-injectionsystemovera rangeoffuel-airratios
fromabout0.005-”to0.08.

A dualfuel-injectionsystemprovidedcombustorefficienciesgener-
allya%ove0.80overa rangeoffuel-airratiosfrom0.015to0.08.
Com%ustorefficiencydecreasedwithpressurefrom0.97at2370pounds
persquarefootabsoluteto 0.76at570poundspersquarefootabsolute.
At 1/3atmosphere,a combustorefficiencyof0.82wasobtained.Decreas-
ingcombustorlengthfrom87to57 inchesdecreasedcouilustorefficiency
from9 to 12percentagepoints.

Thecomparisonoftheannular-pilotedcom%ustorwithtwoothercom-
bustorsofdifferentdesignshowedthatallthreecombustorshadaboutthe
samespecificfuelconsumptionoverthewholefuel-air-ratiorange.The
specificfuelconsumptionoftheannular-pilotedcombustorwasslight”ly
higherthanthebestconfigurationatfuel-airratiosfrom0.015to0.050
andslightlylowerthantheotherconfigurationsatfuel-airratios
greaterthan0.050.

LewisFlightPropulsionLaboratory .
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,July9, 1954

—
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followingsymbolsare

area,sqft

localspeedof sound,

ratioof engineinlet

dischargecoefficient

APPENDIXA

SYMBOLS

usedinthisreport:

ft/sec

airflowto supersonicnozzleairflow

of exhaustnozzle

velocitycoefficientof exhaustnozzle

netthrust,lb

enginefuel-airratio

idealfuel-airratio

preheaterfuel-airratio

stoichiometricfuel-airratio

accelerationdueto gravity,32.2ft/sec2

Machnumber

totalpressure,lb/sqft abs

staticpressure,lb/sqft abs

gasconstant,(ft)(lb)/(lb)(%)

specificfuelconsumptionlbfuel/hr
lbnetthrust

totaltemperature,‘R

statictemperature,oR

veloclty,ft/sec

engine-inletairflow(containingpreheaterproductsofcom-
bustion),lb/see

.
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Wa preheaterairflow,lb~sec

‘f)e fuelflowto

Wf,p fuelflowto

Wu unburnedair

NACARME54G12
b

engine(includingpilotfuelflow),lb/see

preheater,lb/see

flowenteringengine,lb/see

r ratioof specificheats

7 couibustorefficiency

P density,l’b/cuft

Subscripts:

c cold(enginenotburning)

h hot(engineburning)

o freestream

2 subsonicdiffuserexit

s conditionsatstation2 adjustedtocouibustion-chaniber

4 exhaust-nozzleinlet

s exhaust-nozzleminimumarea

6 stationdownstreamofexhaust-nozzleexit

8

.

area

.—
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* APPENDIXB

METHODSOFCALCULATION

Engineairflow.- Theengineefiaustnozzleservedasa convenient
meteringorificefordeterminingtherateofairflowthroughtheengine

CN fornonburningconditions.Theengineairflowwascalculatedfromthe
m
4 mass-flowequ;tion
4

w= P5,cCd,c% ‘5,c

whichwasexpressedas

p@d,c%~
w=

yc+l

M ()yc+l 2(yc-1)
&
Q 2 r

‘*5,c
y
& where P5,C and !l!5,cwereassumedequalto P4,C

b’. Theexhaustnozzlewaschokedanditsdischarge
~s assumedtobe 0.985.Leakage
tobe negligible.

Enginefuel-airratio.- The
theratiooftheenginefuelflow
combustor.Leavingthepreheater
of

through+heengine

(1)

(2)

and To,respective-
coefficientCd~c
flangeswasassumed

enginefuel-airratiowasdefinedas
to theunburnedairflowingintothe
wasa gaswhichhada fuel-airratio

- Wf,p
w (3)

where Wa isthepreheaterairflowmeasuredby anA.S.M.E.flat-plate
orifice.Itwasfoundthatthepreheatercombustionefficiencywas
nearly100
supersonic
theengine

percent.Theratio
nozzleairflowwas
wasthen

B oftheengineinletairflowto the
constant.Theunburnedairpassinginto

Wu =
[ ABwal-

{f/a)
(fa)s

Thisisdifferentfrom W which
tion. Theenginefuel-airratio

-

(4)

containspreheaterproductsof combus-
wasthen



Becauseitwasmoreconvenienttomeasuretheengineinlet
than BWa,usewa$madeofthefollowingrelation:—

[ o]

f
w= B(W.+wf,p)= ma 1 + ~p

Rearranginggives.

NACARME54G12 *

BWa w.

ml1+:
P

Substitutionof equation(7)in equation(5)gives

[11 + (f/a)p‘f)e
‘/’= w ~

1- (f/a)s

b

(5)

airflow

(6)

(7)

(8)

w

Combustorefficiency.- Thecombustorefficiency~ wasdefined.s

q=LQEl (9)
(f/a)

where f/a isgivenbyequation(8)and (f/a)’istheidealfuel-air
ratiowhichwouldhaveproducedthesamecombustor-exittotalpressure
PA aswasmeasuredfortheburningconditionsunderconsideration.Thus,
theefficiencywasrelatedonlyto combustor-exittotalpressure,obviat-
ingthedirectmeasurementofthehighcombustion-chaujbertemperatures.

Thedeterminationof (f/a)‘ wasimplementedinthefollowingway:
Becausetheengine-inletdiffuseroperatedsupercriticallyatalltimes,
theenteringairflowata givenpressurewasthesamefor thenonburning
andburningconditionsandcould%e expressedas

P5hcdh~v5 h
w = P5,ccd,cA5v5,c=

‘f,e
l+y

(lo)

.—. -.
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+ Byuseoftheequationof state,convertingstaticpressureandtempera-
turetototalvalues,convertingvelocitytoMachnumber,andrearranging
equation(10),thefol~owingexpressionsmaybe written:

(s
04
4
4

4

and yc+l

j-(RCT5c z 2(YC- 1)
w Tc-l

P5,C= 1+ 2 M@
)

(12)
Cd,c%%,c ‘cg

Dividingequation(11)by equation(12),assumingthat

P5,C= P4,C

p5,h= p4,h

T5,c = T4,C = To.

‘5,h= ‘4,h

Cd,h= cd,C

andnotingthat

%,C = %,h ‘ 1

yieldsthefollowingequation:

(I-3)

(14)

(15)

(16)

(17)

(18)

(19)

.

.
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Thepressureratio‘4,h/p4,c wasthenevaluatedforvariousidealfuel-
airratiosby usingtheoreticalcombustioncharts,whichincludedthe
effectsofdissociation,tofind ‘4,h” Thesedatawerethenplottedas
(f/a)‘ against‘4,h/p4,c-Byreferringtothisplot,thetheoretical
fuel-air ratio (f/a)f couldbe obtainedforeachvalueof p4,h/p~,c
measuredintheenginecombustionchamber.

Thecombustorefficiencyasdefinedhereinisnota chemicalcom-
bustionefficiencysuchas a heat-balanceorenthalpy-risemethodwould
indicate.Thecombustorefficiencybasedontotal-pressuremeasurement
ismorerepresentativeofover-allengineperformance,as it indicates
howeffectivelythefuelisbeingusedtoprovidethrustpotentialrather
thanhowcompletelythefuelisbeingburned.

Comlmstor-inletMachnumber.- Thecombustor-inletMachnumberwas
calculatedusingtheengineinletairflow~W,‘thestaticpressure
measuredat station2 p2,theam%ienttotaltemperatureTo,andthe
maximumareaofthecombustionchamber(314.2sqin.). .—

Specificfuelconsumption.- Thespecificfuelconsumptionwascal-
culatedastheratiooftheenginefuelflow”inpoundsperhourto the

. . .—nettnrust.‘1’hus

wherethenetthrust

Fn =

Sfc. k
Fn

Fn isgivenby

(20)

-.

(21)

By substitutingequation(21)intoequation(20)andrearranging,eq-
uation(20)canbe expressedas -—

Sfc= (22)
V6CV(1+ f/a)+ #?p6 - po)-vo

ForthisexpressionWf,e/Wwasconsideredequivalentto f/a of eq-
uation(8). Theexhaustgaseswereassumedtobe completelyexpandedto
atmosphericpressure.Therefore,thequntity (A@)g(p6- Po) is

zer”o;Cv wastakenas 0.95.” ——

k
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. ThevelocityV6 wasdeterminedasfollows:

V6 ‘~a6

‘6=”6~w

‘6=M6m

(23)

(24)

(25)

Thequantity~ wasdeterminedby theeihaust-nozzleTressureratio

p4/pO asfollows:
‘4 P2P4 P.

.—— —
—-POP2P0Po

●

(26)

where P2/Po wasassumedtobe 0.60(readi~obtainedinpractice)for
- allthedataand P4/P2 wascombustortotal-pressureratio.Theratio

po/P()was 36.7(aconstantcorrespondingto flightata Machntier of

3.0).

me temperatureT6 wasdeterminedfrom To,thecotiustorefficien-
cy,enginefuel-airratio,anda curVeoftemperatureriseagainsttheo-
reticalfuel-air
determined.

1.

2.

3.
.

.

Trout,Arthur
gationofa
bustionfor

ratio.Thus,allthequanti~iesin equatio~(25)sre
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